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Systemic and coronary hemodynamics were assessedbe-
fore and during a reduction in carotid transmural pres-
sure. This reduction was induced by means of a pneu-
matic neck chamber in 15 normal subjects and 15
hypertensive patients with a normal coronary arterio-
gram. A reduced barorellex responsiveness was dem-
onstrated in hypertensive patients as compared with nor-
mal subjects by evaluating both the reflex bradycardia
evoked by intravenous administration of phenylephrine
and the reflex increase in blood pressure during carotid
sinus hypotension. In normal subjects, the reduction in
carotid transmural pressure induced a significant in-
crease in mean blood pressure, total peripheral resis-
tance, cardiac output , heart rate, coronary vascular re-
sistance, coronary blood flow assessed by the continuous
Coronary blood flow has long been regarded as being pri-
marily regulated by the metabolic demands of the myocar-
dium (1,2). However, experimental and clinical reports (3-12)
indicate that such coronary regulation can be overridden by
the adrenergic drive to the heart. In particular, previous
studies in dogs (7,13) demonstrated that carotid sinus hy-
potension results in a reflex sympathetic alpha-receptor
coronary vasoconstriction, independent of changes in myo-
cardial oxygen metabolism or aortic pressure. Other inves-
tigators (4) reported that the stimulation of the carotid sinus
nerve can produce a profound coronary vasodilation me-
diated by reflex release of tonic alpha-vasoconstrictor tone.
On the other hand, most of the studies concerning the reg-
ulation of coronary circulation in human subjects have been
performed in patients with different types of heart disease ,
such as ischemic heart disease (8, I2), cardiac hypertrophy
(14,15) and chronic heart failure (16 ,17) .
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thermodilution method and myocardial oxygen con-
sumption. In hypertensive patients, the same stimulus
significantlyincreased mean blood pressure, cardiac out-
put, heart rate and coronary blood flow while no sig-
nificant change was detected in coronary vascular re-
sistance and myocardial oxygen consumption.
The increase in mean blood pressure, total peripheral
resistance and cardiac output was significantlyhigher in
normal subjects than in hypertensive patients. These
results suggest that in normal subjects carotid sinus hy-
potension evokesreflexcoronary vasoconstriction, whereas
this response is blunted in hypertensive patients with
reduced barcreflex sensitivity.
(J Am ColI CardioI1985;5:1312-8)
This investigation was planned to measure changes in
coronary blood flow and vascular resistance in normal sub-
jects as well as in hypertensive patients without left ven-
tricular hypertrophy during a reduction in carotid transmural
pressure induced by means of a pneumatic neck chamber.
Because an impairment in the baroreflex control of periph-
eral circulation has been demonstrated in hypertensive pa-
tients (18-21), a hypertensive group was added to the study
to assess the influence of a reduction in carotid baroreceptor
sensitivity on the coronary hemodynamic response to carotid
sinus hypotension .
Methods
Patients. The study was undertaken in 30 nonconsec-
utive patients with a normal coronary arteriogram who
underwent coronary arteriography to define the cause of their
chest pain syndrome. None of these patients had electro-
cardiographic evidence of myocardial infarction or an ex-
ercise test positive for ischemic heart disease . Fifteen (11
men and 4 women with a mean age [± SE] of 40.6 ± 4
years) of these patients had mild or moderate established
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essential hypertension. In all, blood pressure readings were
above 150 mm Hg systolic or 90 mm Hg diastolic in at least
five consecutive readings in the outpatient clinic, and none
had received treatment for at least 3 weeks. Blood pressure
was measured with subjects in the sitting position, after a
10 minute rest in a darkened room, by means of a standard
mercury sphygmomanometer with a cuff of appropriate size,
according to the recommendations of the American Heart
Association (22). Mean arterial pressure was calculated by
adding one-third of the pulse pressure to the diastolic pres-
sure. Secondary hypertension was ruled out in all patients
by laboratory and X-ray studies. The remaining 15 patients
were normotensive control subjects (13 men and 2 women
with a mean age [± SE] of 35 ± 2 years). The existence
of major cardiac or systemic diseases other than hyperten-
sion was excluded in all 30 patients.
All the patients were fully informed about the procedure
and aim of the study, and written consent was obtained in
all cases on the day before cardiac catheterization. The
research protocol was approved by the Research Committee
of our institution. None of the patients showed left ventric-
ular hypertrophy as assessed by electrocardiographic (23)
and echocardiographic (24) variables measured before the
invasive study.
Experimental protocol. The study was undertaken in
the morning with the subject in the supine position in the
postabsorptive state after an overnight fast. No premedi-
cation was used. Under local anesthesia with 2% lidocaine,
a cutaneous cutdown was performed in the right antecubital
fossa. A heparinized Sones catheter was introduced through
the right brachial artery into the ascending aorta for direct
measurement of systemic blood pressure, which was re-
corded by a Statham P23Db transducer. Mean arterial pres-
sure was obtained by the electronic damping of the pulsatile
signal and by the integration of the pulsatile trace over
periods of 5 seconds. A multithermistor thermodilution cath-
eter was introduced through an antecubital vein into the
coronary sinus for the measurement of coronary sinus blood
flow. The position of the coronary sinus catheter was verified
under fluoroscopy by injection of 2 to 3 ml of contrast
medium and was rechecked frequently. Coronary sinus flow
at rest was then recorded. A Swan-Ganz thermodilution
catheter was introduced through another antecubital vein
into the pulmonary artery and cardiac output was assessed
in triplicate with a 9520-A Edwards cardiac output com-
puter. An electrocardiographic lead and aortic pressure were
continuously monitored during the study, and the patients
were asked to breathe regularly. A polyethylene catheter
was introduced percutaneously into an antecubital vein for
drug administration. All tracings were simultaneously re-
corded on a multichannel polygraph at a paper speed of 50
mm/s,
Carotid sinus hypotension was induced by means of a
neck chamber, and the reflex effects on systemic and coro-
nary hemodynamics were recorded. After the considered
variables had returned to the basal value, the effects of an
intravenous bolus injection of phenylephrine on heart rate
and blood pressure were evaluated. At the end of the study,
diagnostic coronary arteriography and left ventriculography
were performed successfully in all patients. In no instance
did we find evidence of significant (>50%) stenosis of the
coronary arteries or abnormal left ventricular wall motion.
To exclude the possibility that time-dependent sponta-
neous modifications in coronary flow might occur, in an-
other group of five normal subjects coronary blood flow was
assessed four times at 15 minute intervals without any phar-
macologic or physical stimulus.
Neckchamber study. A positive neck pressure change
(+ 60 mm Hg) was applied in about 1 second and maintained
for 120 seconds by means of a pneumatic chamber similar
to that previously described by Ludbrook et al. (25). They
reported that the linear regression calculated for positive
neck pressure shows that about 86% of this pressure is
transmitted to the tissue adjacent to the carotid sinus. There-
fore, it was assumed that a positive change of +60 mm Hg
in the neck chamber corresponds to an increase of about 52
mm Hg in the neck tissues around the carotid sinus. A 60
mm Hg increase in neck tissue pressure was adopted to
avoid changes in cerebral blood flow and the involvement
of chemoreceptors in the reflex effect (25).
To analyze the hemodynamic effects of the increase in
neck tissue pressure, the following measurements of systolic
and diastolic blood pressure, RR interval, cardiac output
and coronary sinus blood flow were taken: 1) control value
(the average value in the 10 seconds preceding the change
in neck tissue pressure); 2) early response (the average value
in the 20 second period from the 5th to the 25th second
after the change in neck tissue pressure); 3) late or steady
state response (the average value in the last 30 seconds of
the increase in neck tissue pressure).
Phenylephrine study. To further evaluate the baroreflex
responsiveness, the effects of intravenous injection of phen-
ylephrine (2 JLg/kg body weight) on heart rate and blood
pressure were assessed. The subjects were unaware of the
phenylephrine injection because the injection site was ex-
cluded from their sight. The performance of several injec-
tions of saline solution had no effects on the hemodynamic
variables.
The sensitivity of the barorefiex was calculated by plot-
ting the RR interval of each beat against the systolic blood
pressure of the preceding beat when blood pressure was
acutely increased by the intravenous phenylephrine injection
(27). The plotting of the RR interval of each beat against
the systolic blood pressure value of the preceding beat was
performed starting from the time of the injection until the
peak pressure value. The points obtained in each subject
were then analyzed by linear regression analysis, which
showed a significant correlation coefficient in all cases. The
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Normal Subjects Hypertensive Patients
*p < 0.01 when the corresponding values of the two groups were
compared by unpaired t test. Data are reported as mean values ± SE.
Table 2. Hemodynamic Data of the Study Group Under
Control Conditions and During Reduction in Carotid
Transmural Pressure
* and t = p < 0.01 and p < 0.001, respectively, when the early
period and steady state values were compared by paired t test with basal
value; t and § = p < 0.01 and p < 0.001, respectively, when the basal
valueof the two groupswerecomparedby unpairedt test. CBP = coronary
blood flow; CO = cardiac output; CYR = coronary vascular resistance;
MAP = meanarterial (aortic)pressure;TPR = total peripheralresistance.
174 :t: 3*
92 ± 3*
121 ± 4*
73 ± 5
40.6 ± ~
66.1 ± 3
HypertensivePatients
(n = 15)
131 ± 5
70 ± 2
92 ± 4
70 ± 2
33 ± 3
76.4 ± 4
Normal Subjects
(n = 15)
MAP (mm Hg)
Basal 90 ± 3 120 ± 3§
Early period 102 ± 3t 123 ± 2*
Steady state 104 ± 3t 126 ± 3t
TPR (dynes-s-cm - 5)
Basal 1,008 ± 43 1,505 ± 131t
Early period 1,052 ± 50t 1,523 ± 127
Steady state 1,087 ± 53t 1,552 :t 132t
CO (liters/min)
Basal 7 ± 0.6 6.7 :t 0.4
Early period 7.4 ± O.4t 7 :t O.4t
Steady state 7.4 :t OAt 7 ± O.4t
CVR (mm Hg/ml per min)
Basal 0.9 ± 0.1 1.185 :t 0.1t
Early period 0.966 ± o.n 1.153 ± 0.1
Steady state 1.04 ± o.it 1.182 ± 0.1
CBP (mllmin)
Basal 120 ± 14 115 ± 9
Early period 131 ± 18t 127 ± 9t
Steady state 129 ± 19t 123 ± 9t
RR interval (ms)
Basal 891 ± 40 811 ± 43
Early period 830 :t 43* 768 ± 37t
Steady state 818 ± 43t 746 ± 34t
mm Hg/ms, respectively; n = 15 subjects in both groups,
p < 0.001).
Neck chamber study. In normal subjects, the reduction
in carotid transmural pressure induced a significant increase
in mean blood pressure, total peripheral resistance and car-
diac output (Table 2). Furthermore, there was a significant
increase in coronary vascular resistance and coronary blood
flow (Fig. I). Simultaneously, the RR interval was reduced
by the reduction in carotid transmural pressure. Finally,
Age (yr)
Weight (kg)
Blood pressure (mm Hg)
Systolic
Diastolic
Mean
Heart rate (beats/min)
Table 1. Clinical Data of the Study Group
Results
Clinical and hemodynamicdata (Tables1 and 2). Under
control conditions, hypertensive patients had significantly
higher values of total peripheral and coronary vascular re-
sistance and of systolic, diastolic and mean arterial pressure
than did normal subjects.
Phenylephrine study. In all patients, the intravenous
administration of phenylephrine induced an increase in sys-
tolic blood pressure (normal subjects: from 135.9 ± 5.3 to
162 ± 6.7 mm Hg, p < 0.001; hypertensive patients: from
183.4 ± 2.4 to 214.8 ± 2.7 mm Hg, p < 0.001). This
was accompanied by a linearly related increase in the RR
interval (normal subjects: from 877 ± 57 to 1,145 ± 84
ms, p < 0.001; hypertensive patients: from 831 ± 45 to
943 ± 48 ms, p < 0.001). The mean slope of the individual
regression lines was higher in normal subjects than in hy-
pertensive patients (11.2 ± 1 mm Hg/ms versus 3.1 ± 0.4
reflex sensitivity was expressed as the slope of the regression
line (27).
Data analysis. Coronary sinus blood flow (rnl/min) was
measured by the continuous thermodilution method of Ganz
et al. (26) according to the formula: 64.8 ([Tb - Ti]/
[Tb - Tm] - 1), where Tb is blood temperature, Ti is
injectate temperature and Tm is mixture temperature. Coro-
nary vascular resistance (mm Hg/ml per min) was calculated
by dividing mean aortic pressure by coronary blood flow.
Cardiac output (liters/min) was measured by the thermo-
dilution technique. Total peripheral resistance (dynes-scm -5)
was calculated by the formula: MAP/CO x 80, where MAP
is mean arterial pressure and CO is cardiac output. Finally,
myocardial oxygen consumption (ml/min) was calculated
by the formula: ([ADz - CSOzlCBF)/lOO, where ADz is
the arterial oxygen content, CSOz is the coronary sinus
oxygen content and CBF is coronary blood flow (ml/min).
Arterial and coronary sinus samples for myocardial oxygen
consumption determination were taken in control conditions
and during the late phase of carotid sinus hypotension. Blood
oxygen content was measured by an American Edwards
Optical Oximeter.
Statistical analysis. Baroreflex response during neck
chamber study was evaluated by comparing the early and
late mean arterial pressures and RR interval responses with
the basal value by paired t test in each group of subjects
(normotensive and hypertensive). The changes in mean ar-
terial pressure and RR interval in the two groups at corre-
sponding times were calculated and compared by unpaired
t test. The mean slopes of the regression lines obtained in
the two groups by plotting RR interval versus systolic blood
pressure during phenylephrine-induced hypertension were
compared by unpaired t test. The basal values of the various
hemodynamic variables in the two groups were also com-
pared by unpaired t test.
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Figure1. Effects of a 60 mm Hgincrease in neck tissue pressure
on coronary vascular resistance (c.V.R.) in 15 normal subjects
(N) and in 15 hypertensive patients (H). C := control conditions;
S-S := steady state phase. The asterisks indicate p < 0.001 when
the t test forpaired samples is used to compare steady state values
with control values.
2.5 H
2.0 ::=------= ---:::::
~C.V.R. 1.5 I~I(mmHg) ~;ml/min 1.0 I~I ?<:
0.5 ::-------
-::====-----4
o
C s-s C s-s
pressure, cardiacoutput and coronaryblood flow. However,
thechange in myocardial oxygen consumption did not achieve
statisticalsignificance (from 11.6 ± 1.5 mllmin in the basal
state to 13.7 ± 1.7 mllmin in the steady state, p::;NS).
This was probably due to the heterogeneous response of
individual patients. Total peripheral resistance was in-
creased in these patients only in the late phase.of the stim-
ulus, and no statistically significant change was detectable
in coronary vascular resistance (Table 2, Fig. I). Finally,
a significant decrease in RR interval was induced by the
increase in neck tissue presure.
Figure 2 shows the mean changes of the hemodynamic
variables induced by the increase in neck tissue pressure in
the two groups of patients. In particular, in normal subjects
the increase in mean blood pressure, total peripheral re-
sistance, cardiac output and coronary vascular resistance
was significantly higher than in hypertensive patients, both
in the early and the late phase of the stimulus. No significant
difference in heart rate and coronary blood flow response
was observed between the two groups. Finally, in the group
of patientsin whomfour consecutivemeasurements of coro-
nary blood flow were performedwithout any pharmacologic
or physical stimulus, no statisticalchange in coronary blood
flow could be detected (Table 3).
carotid sinus hypotension was accompanied by a decrease
in coronary sinus oxygen content and an increase in myo-
cardial oxygen extraction. Thus, myocardial oxygen con-
sumption increased from 14.2 ± 0.77 mllmin in the basal
state to 16.1 ± 0.8 mllmin in the steady state (p < 0.01).
In the hypertensive group, the reduction in carotid trans-
mural pressure induceda significant increase in mean blood
Discussion
Reflex control ofcoronary vascular resistance(carotid
sinus reflex). An understanding of reflexregulationof vas-
cular resistance and blood pressure requires the ability to
integrateresponsesobserved in several vascularbeds during
activation of different sensoryafferentnerves. In fact, reflex
N H N H
Figure 2. Mean change (6) induced by a 60 mm
Hg increase in neck tissue pressure on different
hemodynamic variables in 15 normal subjects (N)
and in IS hypertensive patients (H) during early
period (open bars) and steady state phase (dashed
bars). C.B.F. := coronary blood flow; C.O. :=
cardiac output; C.V.R. := coronary vascular re-
sistance; M.B.P. := mean blood pressure; R-R :=
RR interval; T.P.R. := total peripheral resistance.
One or two asterisks indicate, respectively, p <
0.05 and p < 0.001, when the t test for unpaired
samples is used to compare thevalues in hyperten-
sive patients with those in normal subjects.
o
10
o
0.2
6C.0.0.6
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Coronary blood flow
(mllmin)
Mean ± SE
Minutes
0 15 30 45
80 89 82 81
143 149 138 146
148 140 150 145
120 116 123 122
134 130 127 131
125 ± 27 124.8 ± 24 124 ± 26 125 ± 27
responses in various vascular beds are different, and this
difference determines the optimal distribution of blood flow
(28). Furthermore, the knowledge of reflex responses to
activation of specific groups of afferent nerves separately
in intact animals or human beings may be helpful for this
purpose. Therefore, many studies have been carried out to
define the reflex responses of different vascular districts
evoked by stimulating or inhibiting different neurogenic
receptors (29,30). In this view, the influence of the acti-
vation or inhibition of the carotid sinus reflex on coronary
circulation has been investigated in experimental animals
(4,7,13,31,32). The results from these studies demonstrate
that the coronary circulation is influenced by the reflex sym-
pathetic activity of the carotid baroreceptors and that this
influence is independent of metabolic and hemodynamic
changes. In particular, while carotid sinus hypotension re-
sults in a reflex sympathetic coronary vasoconstriction in
anesthetized dogs (7), carotid sinus nerve stimulation in-
duces a coronary vasodilation due to a reduction in sym-
pathetic constrictor tone, which is present in conscious dogs
at rest (4).
Our study was therefore planned to assess the effects of
carotid sinus hypotension on the coronary circulation in
human subjects. We applied only an increase in neck tissue
pressure since the positive pressure to the neck tissue trans-
mitted to the carotid sinus region amounts to 86 ± 2% of
the stimulus, whereas only 64 ± 3% of the negative pressure
is transmitted to the carotid sinus (25). In addition, we chose
an experimental protocol that did not involve the use of
neurogenic blocking agents because it has been demon-
strated that these drugs may affect the baroreceptor respon-
siveness in human subjects (33,34). On the other hand, in
our study groups we included hypertensive patients with a
reduced baroreceptor responsiveness to evaluate whether a
different baroreceptor response may result in different reflex
coronary vascular responses. A reduced baroreceptor re-
sponsiveness was demonstrated in our hypertensive patients
as compared with normal subjects by evaluating the slope
of the blood pressure-heart rate relation after phenylephrine
injection as well as blood pressure response to carotid sinus
hypotension. However, we measured changes in coronary
hemodynamics only during the neck chamber study because
during the phenylephrine-induced baroreflex response the
reflex changes in coronary hemodynamics could have been
masked by a direct effect of the drug.
Coronary vasoconstriction induced by carotid sinus
hypotension. In keeping with previous experiments in an-
imals (7), our results demonstrate that in normal human
beings carotid sinus hypotension induces coronary vaso-
constriction. One possible mechanism for this increase in
coronary vascular resistance might be an adaptation of the
coronary artery bed to an increase in perfusion pressure
(coronary autoregulation). However, the mean increase in
aortic pressure in our study was less than IS mm Hg. Powell
and Feigl (7) demonstrated that by maintaining the blood
pressure increase within 15 mm Hg, most of the increase
in coronary vascular resistance induced by carotid sinus
hypotension was due to the activation of coronary alpha-
adrenergic receptors. In fact, the administration of an alpha-
adrenergic blocking agent caused a 77% attenuation of coro-
nary hemodynamic response, although the increase in blood
pressure was comparable. Moreover, the possibility that the
increase in coronary vascular resistance might represent the
effect of coronary autoregulation in response to the increased
systemic blood pressure also seems to be unlikely because
it was accompanied by a decrease in coronary sinus oxygen
content and an increase in myocardial oxygen extraction.
This last observation seems to support the hypothesis that
the increase in coronary vascular resistance may represent
the reflex response evoked by the decrease in carotid trans-
mural pressure in normal subjects.
The reflex nature of the increase in coronary vascular
resistance during carotid sinus hypotension is also supported
by the data of Limet et at. (31), who maintained a constant
blood pressure, lowered carotid sinus pressure from 70 to
30 mm Hg and observed a consistent increase in coronary
vascular resistance. Finally, the data from our hypertensive
group seem to minimize the possible role of coronary au-
toregulation in mediating coronary vasoconstriction during
carotid sinus hypotension. Also in these patients with a
reduced baroreflex sensitivity, the decrease in carotid trans-
mural pressure resulted in an increase in mean aortic pres-
sure, although the increase was smaller than that in normal
subjects. This was not associated with a significant increase
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in coronary vascular resistance or myocardial oxygen
consumption.
Role of autoregulation versus baroreflex control of
the coronary circulation. If we assume that the increase
in coronary vascular resistance observed in normal subjects
represents the exclusive response of coronary autoregulation
to the increase in perfusion pressure, we must expect that
an increase in systemic blood pressure must be accompanied
by an increase in coronary vascular resistance in hyperten-
sive patients as well. On the other hand, the simultaneous
lack of a significant increase in coronary vascular resistance
and myocardial oxygen consumption in hypertensive pa-
tients during carotid sinus hypotension seems to support the
possibility that in normal subjects both these changes are
due to a reflex increase in nervous discharge to the heart.
Thus, the reduced baroreflex sensitivity in the hypertensive
patients blunts the reflex changes in the neurogenic control
of the coronary vascular bed and abolishes the increase in
vascular resistance and myocardial oxygen consumption.
Our data do not allow any speculation on the influence of
myocardial extravascular compression on the coronary cir-
culation during the inhibition of carotid sinus baroreceptors.
However, in the study by Powell and Feigl (7), the pre-
vention of changes in heart rate and contractility, obtained
through the administration of atropine and propranolol, failed
to modify the increase in coronary vascular resistance in
response to carotid sinus hypotension.
Conclusions. Our results support the hypothesis that the
changes in coronary vascular resistance are parallel with the
reflex systemic vasoconstriction. Reflex carotid vasocon-
striction does not, however, involve the different circulatory
regions to the same extent. In fact, the observation that in
normal subjects during carotid sinus hypotension, a signif-
icant increase in coronary vascular resistance is associated
with an increase in coronary blood flow may indicate that
the vasoconstrictor reflex response is greater in the systemic
than in the coronary circulation. In hypertensive patients,
in whom the reflex vasoconstrictor response is blunted by
the reduced baroreceptor responsiveness, there is an increase
in blood pressure (smaller than that in normal subjects, but
statistically significant) and no relevant change in the coro-
nary region. These observations seem to support the hy-
pothesis that the involvement of the different vascular re-
gions during the vasoconstrictive response to systemic
hypotension may be progressive.
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